An action spectrum for photoinduced conidium (8) . This latter group of fungi has been studied by Leach (9) and others (10, 11, 15) . Several action spectra have been reported for light-induced sporulation (1, 3, 5, 7, 9-11, 13, 15) Half-band widths of monochromatic radiations were measured with an UV wavelength distribution analyzer (UV-55, Japan Spectroscopic Co., Ltd. modified to cover 200-750 nm), and are given in Table I . They were all less than 9 nm. Intensity of monochromatic radiation was measured with a radiometer (RMA-8, Japan Spectroscopic Co., Ltd.). The radiometer was a calibrated vacuum thermopile having a quartz window and was coupled with a nanovoltmeter and AC amplifier. Measurements were made before and after the experiments and these were averaged.
Sporulation of many fungi is induced by exposure to light. There seem to be two main categories of response among the fungi. One group of light-sensitive fungi responds to 350 to 510 nm wavelengths and the other to UV radiation less than 370 nm (8) . This latter group of fungi has been studied by Leach (9) and others (10, 11, 15) . Several action spectra have been reported for light-induced sporulation (1, 3, 5, 7, 9-11, 13, 15) but precisely determined action spectra are few and the chemical nature of the photoreceptor is still unknown. Moreau (12) first studied the effect of light quality on sporulation of Botrytis cinerea using a spectrograph. He reported that conidia formed exclusively in the blue-violet region of the spectrum but none were formed in colonies exposed to green, yellow, orange, or red rays. More recently Hite (4), using glass and plastic filters with different UV cut-offs, demonstrated that near UV radiation induces sporulation but not longer wavelengths. The purpose of this study was to determine an action spectrum for photoinduced conidium formation in B. cinerea in an effort to characterize the photoreceptor for UV-medated sporulation. MATERIALS Half-band widths of monochromatic radiations were measured with an UV wavelength distribution analyzer (UV-55, Japan Spectroscopic Co., Ltd. modified to cover 200-750 nm), and are given in Table I . They were all less than 9 nm. Intensity of monochromatic radiation was measured with a radiometer (RMA-8, Japan Spectroscopic Co., Ltd.). The radiometer was a calibrated vacuum thermopile having a quartz window and was coupled with a nanovoltmeter and AC amplifier. Measurements were made before and after the experiments and these were averaged.
Irradiation. The Petri dish lids of 4-day-old colonies were replaced with thick black paper covers having windows (30 x 60 mm) of uncoated cellophane (Fig. 1) . The hyphal fronts were marked on the bottom of the Petri dish to locate the region to be irradiated. Colonies were then placed on the optical bench designed to hold a Petri dish in a precise position for exposure to monochromatic radiation. The horizontal beam of radiation from the monochromator was directed through the uncoated cellophane onto the colony using a front surface aluminum mirror.
Light intensities ranged from 15.2 to 4,448 erg/cm2 sec as shown in Table I . Exposure times ranged from 15 min to 2 hr. The spectroirradiator was located in a dark room controlled at 22 C.
Temperature of the specimen chamber was kept at 22.5 + 0.5 C during irradiation. Unirradiated control cultures were handled similarly to the irradiated cultures but kept in darkness. None of the controls developed conidia. After irradiation, colonies were incubated in darkness for an additional 48 hr at 22.5 C to allow spores to develop.
Spore Counts and Dose Response Curves. After the final incubation, samples were removed from the irradiated portion of a colony. These samples were 30 mm long at the irradiated perimeter of the colony and 10 mm wide. The sample was comminuted in 10 ml of distilled H20 with 0.1% Tween 20 by blending 60 sec at the maximum speed of a Waring Blendor. Ten aliquots of resulting suspension were counted with a hemocytometer and sporula- IFour-day-old dark-grown cultures were exposed to monochromatic radiation followed by 48 hr dark incubation for allowing conidium formation at 22.5 C. The young, irradiated perimeter of colony was examined for sporulation after dark incubation.
2Central wavelength and half width of each monochromatic radiation were determined by an ultraviolet wavelength distribution analyzer.
3Intensities were measured by a calibrated vacuum thermopile with quartz window before and after the experiment, and were measured in the central and marginal areas. These intensities were averaged. In exploratory experiments utilizing radiation from 200 to 750 nm (50 nm intervals), it was found that 400 to 750 nm radiation at intensities of 4,068 to 8,276 erg/cm2 sec for 7 to 8 hr failed to induce sporulation.
The action spectrum (Fig. 3) indicates that the most effective wavelength is around 231 nm and that the limit of effective radiation is approximately 350 to 355 nm (Table I) . Three prominent peaks are evident in the action spectrum, these are at 231, 268 and 283 nm, with a minor peak at about 303 nm (Fig. 3) . The validity of the 251 nm shoulder is uncertain because of the wide variation among samples in this region. The main trough is at 255 to 260 nm.
Radiation at 231 nm was 25% more effective than the second most effective band at 283 nm. Radiation at 283 nm was about 2,000 times more effective than 355 nm radiation. Although long UV radiation from 312 to 355 nm was stimulatory, the effectiveness of radiation in this region was not high. However, because of lack of inhibition at high dosages in this region, heavy sporulation could be induced by extended exposure of 24 hr.
DISCUSSION
Several action spectra have been reported for photoinduced sporulation for the near UV-blue group of fungi (1, 3, 5, 7, 13) and for the UV group (10, 11, 15) . These fungi are in the Sphaeriales or they are Fungi Imperfecti usually associated with Sphaeriales in their perfect stage. The perfect stage of B. cinerea is a discomycete, Botryotinia fuckeliana, and no action spectrum for conidium formation in any discomycetous fungus has been reported.
The action spectrum for conidium formation in B. cinerea is similar to those reported for the UV group of fungi such as Alternaria dauci (1 1), Ascochyta pisi (10), Stemphylium botryosum (11), and Stemphylium solani (15) , and perithecium formation of Pleospora herbarum (11) and Leptosphaerulina trifolii (9) . All of these action spectra showed main peaks around 280 to 290 nm and 260 to 270 nm as well as increased effectiveness at 230 nm. In addition to these peaks, a small peak at 303 nm was evident in the action spectrum of B. cinerea. A similar peak was discerned in the action spectrum for perithecium formation of P. herbarum (11) and L. trefolii (9) . The increase in effectiveness at 230 nm observed in some fungi (9) (10) (11) 15) appeared as a definite peak in B. cinerea's action spectrum. This radiation (231 nm) was even more effective than the 283 nm radiation so effective in P. herbarum, A. pisi, A. dauci, and S. solani. The similarity of these action spectra suggests FRONT SURFACE ALUMINUM MIRROR FIG. 1 . Schematic representation of apparatus for monochromatic irradiation. The horizontal beam of radiation from the monochromator was directed through the uncoated cellophane onto the 4-day-old dark-grown colony using a front surface aluminum mirror. The mirror was adjusted to provide reflected radiation normal to the agar surface. A stray light shield was placed over the Petri dish and the colony was covered with a thick paper having a window (30 x 60 mm) of uncoated cellophane to prevent desiccation during irradiation. a common photoreceptor for both sexual and asexual reproduction.
Except for one study in which 254 nm radiation was shown to be ineffective for inducing sporulation of Trichoderma viride (3), the action spectra reported for the near UV-blue group of fungi in general omitted the exploration of shorter UV wavelengths (300 nm). This is in the least effective trough of the action spectrum for B. cinerea; furthermore, high dosages (254 nm) would inhibit sporulation. The effect of UV on this group of fungi needs further study.
Sagromsky (14) reported that conidium formation in Sclerotinia fructigena is induced by wavelengths from 350 to 510 nm, i.e. within the effective region for the near UV-blue group of fungi, but different from the requirements of B. cinerea. The different requirements for these two fungi, both members of Sclerotiniaceae, suggest that more genera and species will have to be studied before patterns of response can be ascertained.
Moreau (12) found that B. cinerea responded to the blue-violet portion of the spectrum. The recent study by Hite (4) is not in agreement with Moreau's findings for it shows only UV 340 to 380 nm to be effective. This present study essentially confirms the basic findings of Tan and Epton (16), though not the induction of sporulation by red and IR radiation.
A primary concern of any photobiological investigation is to determine the nature of the photoreceptor. Although there are limitations in interpreting action spectra (6) , it is still an important first step in the exploratory stages of light-induced phenomena.
Based on the action spectra, Giese (2) 
